D rug risks may be ignored or underappreciated, overemphasized, misinterpreted, or in some cases presented in ways that do not wholly reflect the evidence base and clinical experience. Often the available evidence pertaining to drug interactions is grounded upon theoretical concerns, very small trials, or case reports, and thus it is often very challenging to balance the potential risks and benefits of a particular therapy when drug interactions are present. While prescribers and pharmacists may fail to heed interaction alerts provided by decision support systems, it is also possible that the overstatement of risks can cause providers to avoid utilizing a clinically beneficial therapy. The case of the interaction between triptan antimigraine medications and selective serotonin reuptake inhibitor/selective serotonin-norepinephrine reuptake inhibitor (SSRI/SNRI) antidepressants provides an example of how the presentation of drug risk may unduly influence the utilization of drug therapy.
The Risk of Serotonin Syndrome Associated with Concomitant Use of Triptans and SSRIs/SNRIs
The U.S. Food and Drug Administration (FDA), in its endeavors to govern the balance between drug benefits and safety concerns, faces the tremendous challenge of evaluating emerging evidence and guiding the assimilation of new knowledge into prescribing recommendations. This paper presents one such example, as in 2006, the FDA issued an alert to health care professionals regarding the potential risks associated with the combined use of 5-hydroxytryptamine receptor agonist (i.e., triptan) antimigraine medications and certain antidepressant medications, specifically SSRIs and SNRIs. 1 This advisory, which remains posted at the FDA.gov website as of August 11, 2011 , includes a headline that warns health care providers and the general public that the combination of these medications may result in "Potentially Life-threatening Serotonin Syndrome." The advisory recommends that physicians should evaluate the risk of serotonin syndrome against the expected benefit of using this drug combination and discuss the possibility of serotonin syndrome with their patients utilizing this combination. The FDA also recommends that prescribers follow patients closely for the development of signs of serotonin syndrome, which are noted to include autonomic instability, respiratory failure, and coma. 1 The FDA issued this alert based upon its review of 27 case reports describing cases of serotonin syndrome occurring
within the context of concomitant use of triptan antimigraine agents and SSRI or SNRI antidepressants. According to the alert, 2 of these 27 patients experienced life-threatening symptoms, and approximately one-half of the 27 patients required hospitalization. No fatalities were reported. The FDA stated that "it is expected that concomitant use of SSRIs or SNRIs and triptans would result in higher serotonin levels than the serotonin levels observed with the use of SSRIs, SNRIs, or triptans alone, potentially leading to serotonin syndrome." 1 The FDA qualified its alert as reflecting its initial review of these cases and stated that a conclusion has not yet been reached. 1 However, a related public health advisory issued on July 19, 2006, stated that "The FDA has determined that serotonin syndrome occurs with combined use of triptans and a SSRI or SNRI through reports describing serotonin syndrome in people taking these medications together." 2 The product labeling for triptan antimigraine medications warns of the risk of serotonin syndrome as precipitated by concomitant use with SSRI or SNRI antidepressants. For example, the product labeling for sumatriptan states that serotonin syndrome may occur when the medication is co-prescribed with SSRI/SNRI antidepressants, necessitating close monitoring, particularly at the onset of treatment and with dose escalations.
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Should Case Reports Serve as the Basis for Causal Inference? Some neuropsychiatric experts have questioned the FDA case reports and the biologic plausibility underlying the purported interaction between triptan medications and antidepressants. Their skepticism is well summarized by Gillman (2010) in a review article published in the journal Headache: "there is neither significant clinical evidence, nor theoretical reason, to entertain speculation about serious [serotonin syndrome] from triptans and SSRIs." 4 Others have opined that the FDA may have been unnecessarily overcautious in its warning, pointing to the fact that the evidence currently available to support this drug interaction is derived primarily from case reports, which provide a low degree of scientific validity, and questioning the science underlying the theory that a pharmacologic interaction exists that would increase the risk of serotonin syndrome. [5] [6] [7] Yet, because serotonin syndrome is indeed a serious, lifethreatening condition, the FDA's decision to alert prescribers of this possible risk is understandable, even though a cause-andeffect relationship is unclear.
headache are a common malady affecting the U.S. adult population. When not contraindicated, triptan medications are a mainstay of treatment for a migraine of moderate to severe intensity. 10 In an analysis performed using data from the 1999-2004 National Health Examination and Nutrition Survey (NHANES), Kalaydjian and Merikangas (2008) found that 28% of adult females and 15% of adult males reported experiencing at least 1 episode of severe headache or migraine during the past 3 months. 11 They also observed that sufferers of migraine or other types of severe headache were nearly 3 times as likely to report having major depression or panic disorder. Other survey data suggest a strong association between migraine and a range of psychiatric disorders, including depression, bipolar disorder, and social phobia. 12 The epidemiologic data suggest that it is not uncommon for practitioners to encounter clinical scenarios where the prescribing of both triptan medications and antidepressants may be considered. Results from 2 analyses reveal that triptans and SSRI or SNRI medications were co-prescribed with high frequency prior to the FDA advisories of 2006. Tepper et al. (2003) examined claims from a large pharmacy benefit management (PBM) company and found that approximately 1 of 5 patients prescribed a triptan medication also received prescriptions for SSRI antidepressants. 13 14 While Sclar et al. characterized the drug combination as "potentially fatal," their finding that nearly 700,000 Americans are prescribed the combination yearly, taken in contrast with the very small numbers of questionable case reports received by the FDA and/or reported in the literature, suggests that the increased risk of serotonin syndrome is extremely low or perhaps nonexistent. Wenzel et al. (2008) more strongly opined that "years of clinical experience show that this combination of medications has been taken by millions of patients without any known serotonin syndrome consequences". 6 If an increased risk does exist, it is not possible to quantify the magnitude of risk from the case reports cited by the FDA in the absence of a denominator of all users of this combination of medications during the time frame, and recognizing that not all cases would be reported through the FDA MedWatch program. Moreover, if this risk exists, it is not clear whether it is any greater or less than the risk of severe hypersensitivity to triptan products themselves, which is borne by prescribers and patients with each incident prescribing.
The epidemiologic research of Tepper et al. and Sclar et al. describe the co-prescribing of these medications during periods that preceded the FDA alert of 2006. 13, 14 There appears to be no similar published epidemiologic research describing the co-prescribing of these medications during the years To further evaluate the accuracy of the case reports, Evans analyzed the cases included in the FDA review, 8 and also engaged in a broader effort involving other experts from the field of headache management, to review the FDA cases in addition to other reports of serotonin syndrome associated with the use of these medications appearing in the published literature. 7 Diagnostic criteria were applied to determine whether the described cases of serotonin syndrome could be clinically validated. When applying the Sternback Criteria for diagnosis of serotonin syndrome, 10 of the 29 cases reviewed by the FDA were validated; when applying the more robust Hunter Criteria, no cases were validated. 7 Among the cases confirmed using the Sternback criteria, the reviewers noted that information necessary to rule out other conditions was unavailable, thus calling into question the accuracy of diagnosis using this method. The reviewers concluded that the coprescribing of triptan medications with SSRI/SNRI antidepressants should not be prohibited based on these cases. Yet, they also recognized that the data do not exclude the possibility of an increased risk of serotonin syndrome, noting that "Triptans when administered with SSRIs or SNRIs might rarely precipitate serotonin syndrome". 8 In contrast to the FDA's mention of the biological plausibility of the interaction 1 Evans et al. (2010) described the risk of serotonin syndrome occurring from the co-prescribing of triptans and SSRI/SNRI antidepressants as seeming to be "implausible." 7 Triptan medications demonstrate weak affinity for 5-HT(1A) and no activity at 5-HT2 receptors, 3 which are believed to be mechanistically implicated in the development of serotonin syndrome. 9 Evans et al. suggested that because of the life-threatening nature of serotonin syndrome, prescribers should remain attentive to the possibility of the development of serotonin syndrome, 7 a position that aligns in some measure with the FDA's alert. However, it was the viewpoint of Evans et al. that the increased risk of serotonin syndrome associated with the concomitant use of triptans and SSRI or SNRI medications is not proven, and the FDA should reassess the available evidence to determine if its alert and the warning statement appearing in the triptan labeling should be revised or removed. These views are presented in an American Headache Society (AHS) Position Paper published in 2010, which declared that "inadequate data are available to determine the risk of serotonin syndrome with the addition of a triptan to SSRIs/SNRIs or with triptan monotherapy". 7 The AHS Position Paper also stated that "The currently available evidence does not support limiting the use of triptans with SSRIs or SNRIs, or the use of triptan monotherapy, due to concerns for serotonin syndrome." 
Epidemiologic Evidence Suggests Very Low or No Risk
Practitioners often encounter depressed patients seeking treatment for headache, as migraine and other types of severe following the FDA alert. A replication of the Sclar et al. analysis in particular, utilizing more recent data from the NAMCS, would provide insight regarding the impact of the FDA's advisory on the co-prescribing of these medications. However, pharmacoepidemiologic studies assessing the outcomes of patients utilizing this combination of medications are of higher priority.
Warning! Presentation of the Interaction in Leading Clinical Decision Support Applications
The FDA alert and the precautions regarding serotonin syndrome occurring as a result of interaction with SSRI/SNRI antidepressant medications detailed in the prescribing information for triptan medications have been incorporated into leading stand-alone drug knowledge databases and integrated within clinical decision support systems. For example, the online drug interaction tools offered by Drugs.com 15 (Cerner Multum, Inc., Denver, CO) presently identifies the interaction between sumatriptan and fluoxetine as "major", while the interaction is also described as being in the category of "major" by Micromedex 2.0 (Thomson Reuters, New York, NY), 16 ClinicalPharmacology (Elsevier/Gold Standard, Tampa, FL), 17 and LexiComp Online (Lexi-Comp, Inc., Hudson, OH). The cautions provided by these applications are strongly worded and imply significant risk of serious patient harm. The Micromedex 2.0 product states that the "coadministration of a triptan, such as sumatriptan, and an SSRI, such as fluoxetine, may result in a life-threatening condition called serotonin syndrome," while LexiComp includes the headline "Consider therapy modification" following its "Risk Rating" heading. The monograph for sumatriptan within the Micromedex 2.0 product presents a section of "precautions" for the interaction between sumatriptan and SSRI/SNRI antidepressants, which includes the statement that "serotonin syndrome (e.g., mental status changes, autonomic instability, neuromuscular aberrations, and/or gastrointestinal symptoms) may occur, particularly during concomitant use of SSRIs or serotonin norepinephrine reuptake inhibitors." 16 The incidence of serotonin syndrome resulting from the interaction is not reported, nor is it noted as unknown or extremely rare. The evidence cited by Micromedex 2.0 to substantiate this precaution is the prescribing information for various sumatriptan formulations. Neither the Micromedex 2.0 database nor the cited prescribing information rates the strength of evidence supporting the warning, although some additional detail regarding the nature of evidence being from case reports is provided in a different section of the monograph. None of the aforementioned drug information resources mentions the American Headache Society (AHS) Position Paper, which declares that the currently available data are inadequate for concluding that an increased risk of serotonin syndrome exists or for serving as the basis for avoiding the use of triptan medications in patients utilizing SSRI or SNRI antidepressants. 7 This author suggests that clinical decision support systems should offer more than reformatting and streamlining of the drug product label and existing FDA advisories. Evidencebased decision making requires the assimilation of all pertinent information, such as position papers from prominent medical specialties. Clinical decision support applications that include knowledge from all available sources will yield greater utility for achieving better and safer patient outcomes.
Improving the Ability to Manage Drug-Drug Interactions
It is not the intent of this commentary to provide a definitive statement on whether triptan drugs interact with SSRI/SNRIs to cause serotonin syndrome. It has been approximately 5 years since the FDA published its alerts regarding the risk of serotonin syndrome when combining these medications and, as discussed above, several experts have published their opinion that the FDA has overstated the nature of this risk. The issue is illustrative in further considering how our health care system's technologies present risk information, and how practitioners incorporate this information in the treatment and monitoring of their patients.
Malone et al. (2005) found that a range of clinically important drug-drug interactions occur with high frequency in the U.S. health care system. 19 Their results suggest, at least in part, either that prescribers are unaware of these drug interactions or that they accept the risk of harm associated with drug interactions, presumably believing that the benefits outweigh the risk and that the patient can be effectively monitored. This premise necessitates that pharmacists and prescribers have an accurate understanding of the nature of the risks. One may wonder if prescribers' perceptions of drug interaction risks have been shaped by being too frequently alerted to theoretical risks that have not occurred in their practices and thus are deemed to be either unfounded or extremely unlikely.
Ideal drug interaction alerts should note the nature of evidence establishing the interaction, the magnitude of risk and its consequences, and how the interaction juxtaposes with the patient's personal characteristics and clinical circumstance. In this author's opinion, the case of the purported interaction between SSRI/SNRI antidepressants and triptan antimigraine medications is an example of the failure of decision support systems to accurately portray risk information to practitioners. The pharmacoepidemiologic literature includes countless descriptions of controversies and suspicions of possible risks associated with specific drugs. Those compiling data within drug knowledge databases must consider the strength and breadth of evidence and generalizability of the evidence when translating information into decision support systems.
Decision support systems have a fundamental role in supporting drug utilization review functions, including drugdrug interaction screening. However, it has been more than a decade since the Institute of Medicine's Crossing the Quality Chasm report stated, in regards to clinical decision support, that "changes under way in health care and computing will likely result in the development of far superior tools in the near future…" 20 Clinical decision support systems and their alerts are poorly effective in the management of drug-drug interactions, as evidenced by their lack of standardization and inability to detect significant interactions, 21 their insufficient detail and lack of suggestions for patient management, 22 and their failure to provide appropriate clinical justification. 23, 24 Notwithstanding the advances in system adoptions and integration of these systems into practice, the touted value of clinical decision support in promoting quality in medication use has yet to be fully realized, particularly with regard to managing drug-drug interactions and as noted by the degree to which alerts are ignored. The example of the purported interaction between triptan antimigraine drugs and SSRI/SNRI antidepressants presents a case where risk may be overstated, potentially resulting in a patient's failing to receive a beneficial therapy. Whether considering important risks that are underappreciated or lesser risks that are overstated, these scenarios can be addressed by improving how evidence is synthesized, interpreted and presented to decision makers.
A multistakeholder conference convened in October 2009 to discuss critical issues associated with drug-drug interactions identified the following as highest priorities for further study and action: population-based studies of drug-drug interactions, explicit evaluation of the quality and adequacy of current evidence, and improved integration of evidence in knowledge databases and clinical decision support systems. 25 The first 2 priorities identified by this group pertain to our health care system's inability to adequately weigh the benefits against the risks of interacting medications when used across varied clinical circumstances. The lack of data describing drug therapy outcomes that can effectively inform treatment decisions has led to our nation's commitment of more than $1 billion towards comparative effectiveness research via the American Recovery and Reinvestment Act of 2009. 26 It appears from a review of the listings of funded projects provided by the U.S. Government Accountability Office that apparently no resources have been directed towards projects specifically evaluating the consequences of particular drug-drug interactions. 27 Meanwhile, the Health Information Technology for Economic and Clinical Health (HITECH) Act has directed approximately $20 billion towards improvements in health information technologies capable of alerting providers to drug-drug interactions. 28 This is occurring while scant public resources are being directed towards improving the evidence base and clinical decision support systems from which these drug interaction alerts are generated. The presumed clinical and economic benefits to be reaped from our nation's investment in health information technologies depends upon the incorporation of valid, pertinent, and actionable information to support pharmacologic decision making. The current inadequacy of the existing evidence base detailing medication risks generally and drug interactions specifically must gain greater awareness among health system stakeholders.
It will be interesting to observe how prescribers' assessment of interaction risks and their co-prescribing of interacting drugs may change with the HITECH Act's requirement for meaningful use of electronic health records, which includes a criterion that places computerized drug interaction screening more squarely within the prescriber's domain. The clear presumption behind the meaningful use requirement that positions drug interaction screening upstream in the prescribing process is that electronic decision support systems contain valid and actionable information that informs the risk-tobenefit ratio in deciding whether a medication can be utilized with an acceptable margin of safety.
As Dr. Avedis Donabedian, a renowned physician and health care quality improvement pioneer, asserted: "The degree of quality is, therefore, the extent to which the care provided is expected to achieve the most favorable balance of risks and benefits." 29 When considering drug-drug interactions, determining that balance requires improvements in the existing evidence base and the utility of decision support systems, and in how risk information is presented, interpreted, and applied.
